Introduction

32
Changes in wave climate have received much attention in recent years due to their 33 impact on coastal and offshore structures and ecosystems. Numerous wave climate 34 simulations under different future scenarios of greenhouse gases (GHGs) emissions 35 have been generated at both global and regional scales using numerical wave models.
36
The North Atlantic is one of the most widely studied regions. Many earlier works have the present-day period, assuming that such relationship holds also for the future period.
84
Examples of application of such methodology can be found in Wang and Swail (2006) , 85 who used global anomalies of P and G as predictors in different regression models to predictor in a set of regression models, but they concluded that it was preferable to use ).
143
The 6-hourly surface winds output from the ECHAM5 climate model is used to force a 
147
The paper is organized as follows: the dynamical and statistical models and their forcing 148 are presented in section 2. The models are validated for present-day climate in section 3.
149
Projections of wave climate are presented in section 4. In the last section results are 150 discussed and conclusions are outlined. 
Data set and methodology
153
The set of dynamical and statistical simulations and the procedure to generate all of 154 them is schematically shown in Fig. 1 corresponding wave simulation will be referred to as DynProj).
170
The domain of the WAM model was set to cover the North Atlantic region (from 1ºN to The fact that the predictor-predictand relationships were established at the seasonal time 202 scale while the dynamical modelling described in Section 2.1 simulates waves at a 6- 
212
(2010) did not found any difference between the two simulations in terms of winter 213 SWH changes projected for the end of the 21st century.
214
The regressions followed the most commonly used models in the literature and were 215 completed with additional models. Recently developed statistical models appropriate for 216 higher temporal resolution fields (6-hourly or daily) have not been considered here (e.g. n is the number of PCs included in the model, sorted by decreasing explained variance.
240
The P, W and G covariance matrices were computed from winter anomalies of ERA40 and defines the number of parameters that optimise the fit to SWH data at each point.
268
This also applies to the models using PCs as predictors. We have established a variables were removed before the estimation of the regression parameters.
273
The regression coefficients estimated for the historical period were then used to project combined to obtain winter SWH as: sector of the domain (Fig. 3c-d unbiased root mean square differences (URMSD) and variance accounted for (Fig. S2 ).
364
The comparison revealed that, in terms of bias, statistical models M17 (-0.42 m) and areas at high and mid latitudes, particularly in the Bay of Biscay (Fig. 6c) (Fig. 5j) and 67% (Fig. 6g) . 
Statistical projections
442
Winter SWH trends during 2000-2100 (A1B scenario) obtained using the statistical 443 models M1-M11 are mapped in Fig. 8 (a-k) . (Figs. 9l) .
461
The results of the statistical models that address separately winter SWHw and SWHs it accounts for up to 83% (see Table 1 ). When both contributions are combined (Figs. (including the regional climate model) and to the choice between dynamical or 499 statistical approach as major uncertainty sources. Our study complements these results
500
by demonstrating three main issues pointed out in the following.
501
The first one is that among the statistical models used in our study (transfer functions of 502 the seasonally averaged wave fields), the models resulting in better agreement with the 503 dynamical simulation (in terms of winter inter-annual variability and trends) are those 504 using the wind as predictor. Namely, the use of wind speed as independent variable 505 makes that statistical models can account for a significant part of the winter SWH inter- Atlantic, it could not explain the negative SWH changes projected at middle latitudes.
536
What we have shown is that the NAO index alone is not capable of describing the wave 537 field over the north Atlantic. Even when the four major regional climate indices over the S2 ).
589
Appendix B.
590
The Stepwise regression method used for statistical models with more than one 591 predictor is illustrated with an example (see Table S1 ): the fitting of model M7 at a . Three different models are fitted at each step in the example (see 603   Table S1 ):
604
Step 1: SWH= -5.7e10 -4 PC1
605
Step 2: SWH= -6.2e10 -4 PC1 -8.4e10 -4 PC2
606
Step 3: SWH= -6.5e10 -4 PC1 -8.4e10 -4 PC2 + 2.9e10 -4 PC3
607
The p-values and explained variances for each of these models are shown in Table S1 . 
761
Differences between averaged winter SWH trends of statistical simulations and DynProj
762
(cm/year). 
903
Before stepwise regression
Step 1: PC1 included
Step 2: PC2 included
Step 
